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Abstract

Anhydrous butteroil homogenized into
reconstituted nonfat milk powder formed
a recombined milk, the flavor score of
which was relatively close to that of fresh
pasteurized milk.  When these milk com-
ponents were packed in nitrogen and
stored at —18 C for six months no change

in flavor of the recombined milk was
noted.  Higher storage temperatuves

caused changes in the butteroil which
resulted in a stale flavor appearing in the
recombined material. Recombined prod-
uets made from hutteroil stored at 27 C for
two months were judged definitely stale.
Molecular distillation at 1 p pressure at
temperatures up to 200 C removed from
deteriorated hutteroil some hut not all of
the components responsible for stale flavor.
Under the packaging and storage condi-
tions of the experiment, changes in the
composition of the nonfat powder were
not of sufficient magnitude to affeet the
flavor of the recombined milks.

Recombined milk is a beverage made by mix-
ing butter or butteroil, skim solids, and water
in proportions simulating the composition of
fresh milk. )

The sparse literature on this subject, extend-
ing bhack to near the start of this century (14),
contains nothing about the organoleptic prop-
erties of this product or factors that eould
influence them.

Tn view of the continned growth of milk
recombining operations overseas, and the up-
surge of ‘interest in the use of this product
for the feeding of people in developing nations,
we present data pertaining to the flavor of
this product and some factors that influence it.
We shall also relate our results to published
information concerning flavor changes in stored,
dehydrated whole milk.

Materials and Methods !
Mixed herd milk from the Agriculture Re-
scarch Center was separated at 4 C, except
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where noted, to provide the skimmilk and cream
used in all experiments.

Anhydrous butteroil was made by churning
cream pasteurized by holding at 77 C for
15 see and melting the resultant butter at 43 (.
The hutteroil was freed of protein by repeated
washing with water. Residual water and air
were finally removed by holding the oil at 43 ¢
for two hours under vacuum (pressure 1 mm),

Nonfat dry milk was made from skimmilk
pasteurized at 77 C for 15 sec using the foam-
spray-drying operation as deseribed by Bell
et al. (2), except that nitrogen rather than air’
was injected into the concentrate at the rate:
of 12.5 standard liters/kg of concentrate to-
produce the foamed powder. The powders;
produced in this fashion contained 2.0% mois=’
ture, 1.69 fat, and 0.119 phospholipid as’
determined by the standard Mojonnier pro-;
cedure and other published methods (3, 9).

Samples of nonfat dry milk having fat eon;
tent reduced to 0.89% were prepared by aps:
plying the above procedure to skimmilk:
obtained by separating wmixed herd milk at.
13 C. =

Samples of butteroil and nonfat dry milke
were packed in no. 1 tins under nitrogen using
procedure previously deseribed (16). The fabd
samples were held at 43 € at a pressure of 1m i
for 18 hr hefore filling with prepurified nitroger
(0. < 0.0029%) to a pressure of 1.5 atmospherg
and sealing. The eans econtaining nonfat d
milk were held at 27 C under similar conditi@%
hefore filling with nitrogen and sealing.

Samples of both fat and nonfat dry ml“éi
were stored at —18, 4, and 27 C. Dul:lné
storage, samples were taken at appropriaté:
intervals and recombined hy dispersing 109 8
powder in 1,000 ml water, warming the skintz
milk to 60 C, adding 36 ml of butteroil warm Y
to 43 €, and homogenizing the mixture at 1 !
kg/em?®, using a Manton-Gaulin Model 15’3%5
homogenizer. The stored matervials were als?%
combined with either f{reshly made butteI'Ol};
or fresh skimmilk to form a simulated Who}ef;
milk as above. 3

The flavor of all samples was eval
using a ten-man skilled-judge taste pane

uatedy;
1 op3

N . . 3 rond;
erating with a ten-point scale ranging floen;'
31 to 40 (8). ;

The efficieney of molecular distillation 88 %



means of removing off-flavored material de-
veloped in butteroil during storage was investi-
ated using a Rotafilm 5-em molecular still
(Arthm' A. Smith, Ine., Rochester, New York).
After passage through the still, the fat sam-
les were recombined” with fresh skimmilk and
the flavor of the product evaluated.

Results

Results from the expert judges' evaluation
of the flavor of recombined milks, made from
stored and fresh milk components, ave shown in
mable 1. The average flavor score of all rve-
combined products was lower than that of {resh
whole milk, whose average score is about 37 in
our locality. Greatest deviation from {resh
whole milk flavor was noted where samples
of butteroil stored at 27 C were combined with
skimmilk or reconstituted nontat dvy milk. Tt
is also apparent that the chemieal changes oe-
‘eurring in the butteroil during storage arve the
‘most important factors in determining the fla-
vor of recombined milk. The rate of this change

TABLE 1
Development ‘of staling in samples stored at vari-
ous temperatures

Flavor Stale
Samples sceore criticisms®
Initial
Fresh fat -+
fresh NDM 36.0 5
—18 C storage”
Fresh fats 4+ fresh
skimmilks ) 35.6 4.8
Fresh fats + stored
NDM 35.2 4.3
Stored fat +
fresh skimmilks 35.7 3.3

Stored fat 4
stored NDM 35.7 4.5
4 C storage®
Fresh fats +

fresh skimmilks 35.6 4.8
Fresh fats +

stored NDM 34.9 5.5
Stored fat +

fresh skimmilks 35.0 6.5
Stored fat +

stored NDM 35.1 6.3

27 C storage®
Fresh fats +

fresh skimmilks 35.6 4.8
Fresh fats +

stored NDM - 35.3 4.8
Stored fat +

fresh skimmilks 33.8 7.8
Stored fat +

stored NDM 33.8 7.0

* Average number per sample out of ten possible.

b Average values of samples taken after separate
storage for 12, 20, 25, and 30 weeks of one fresh
fat and one fresh NDM.

is very slight or nonexistent during the first
six months of storage at —18 C.

The aceeleration of flavor score decrease by
higher storage temperatures is shown in Table
2. The greatest flavor decrease due to changes

TABLE 2
Effeet of storage temperature on flavor score of
milk fat

lavor seore relative to that of fat
held at —18 € for indicated storage
period®

Storage

tempera- 2 4 6
ture months months months
4 (¢ —0.:4 —0.6 —0.6

27 C —1.0 —1.2 —1.1

* Averages obtained from ten milk fats. Re-
combinations were made at each tasting period
with fresh skimmilk. )

in the butteroil occurred during the first two .

months of storage at 27 C. Little change in the
off-flavor from the fat is noted on continued
storage.

The materials developing in butteroil stored

at elevated temperature which contribute to~

off flavor in recombined prodnets are diffieult
to remove hy molecular distillation. This is
shown in Table 3. Recombined products made

TABLE 3

Removal of off-flavor from 16-months-old fat
samples by molecular distillation

Control Temperature
(not of distillation

dis-
tilled) 100 C 150 C 200 C

—18 (' storage
Flavor score 35.8 35.6 35.9 35.9
Stale
eriticisms® 3 5 4 5
4 C storage .
Flavor score 34.8 35.3 35.5 35.9
Stale
eriticisms® 6 5 6 4
27 C storage
Flavor score 34.1 35.2 35.7 35.1
Stale :
criticisms® 8 6 5 5

* Number of criticisms per sample out of ten
possible.

from fresh skimmilk and stored fats subjected
to molecular distillation have flavor scores that
demonstrate only partial off-flavor constituent
removal, even at distillation temperatures of
200 C. The flavor of products made from butter-
oil stored for 16 months at —18 C cannot be
improved by molecular distillation of the fat



hefore recombination. However, the flavor of
products made from fats stored an equal time
at higher temperature is improved by molecular
distillation of the hutteroil before recombination
is attempted.

None of the data from our flavor study of
recombined milk gave any indication that
changes occurring during storage of the gas-
packed nonfat dry milk had influenced the
flavor of the finished product. Changing the
fat content of the nonfat dry milk from 1.6
to 0.8% by elevating the separating tempera-
ture during processing did not signifieantly
change the storage stability of the powders or
influence the flavor of the recombined milks
made therefrom.

Discussion

Butteroil  homogenized into reconstituted
skimmilk powder in proportions similar to
whole milk produces a beverage of good qual-
ity, even though expert judges consistently
scored it lower than fresh pasteurized milk.

This lowered initial flavor score was not at-
tributed to the loss of the buttermilk fraction
during processing of butteroil. Preliminary ex-
periments in our laboratory indicated that in-
clusion of huttermilk in recombined products
tended only to slightly improve their tactual
qualities. Since judges varied widely in their
response to this quality, the buttermilk frac.
tion was deliberately exeluded from the mate-
rial used in our studies.

When butteroil and nonfat dry milk are gas-
packed in nitrogen and recombined after six
months of storage at —18 C, a heverage having
flavor almost indistinguishable from that ob.
served at the start of storage was obtained.

The decline in the flavor of recombined milks
made from butteroil and nonfat dry milk stored
at higher tmperatures arises principally from
changes in the fat phase. The rate of this
change s temperature-dependent. At 97 (
the rate of change is sufficient to produce a
definite stale flavor in recombined milk made
from butteroil stored two months or longer.

While the term stale as used in our scoring
system is somewhat vague and unsatisfactory, it
was the consensus of the Judges that it relates
to flavors associated with lactone formation in
milk fat. This would be anticipated from the
pioneer work on these compounds by Keeney
and Patton (7).

The reaction of our panel judges to the
recombined milks made using bhutteroil stored
at 27 C and to foam-dried whole milk packed
in tins containing near-zero levels of oxygen
and stored at elevated temperatures (16) was

very similar. This tends to further corroborate
the work of Patton et al. (13) and Whitney
et al. (17), who presented evidence that the
nonoxidative changes in dehydrated” whole milk
known as staling may result primarily from
changes in the fat phase.

Even though the data presented here shoy
the nonfat dry milk to undergo very little o
no flavor change during the storage periods
investigated, it must he noted that the powders
were high quality, low moisture materials,
carefully packed in inert gas.

Keeney (6), Parks et al, (11), and Henry
et al. (5) have already demonstrated that lesg
carefully handled nonfat dry milk undergoes
chemieal changes during storage which are
deleterious to- the flavor of the reconstituted
material. The sensitivity of the nonfat dry
milk to change during storage has been ree-
ognized to some extent by the recombined milk
manufacturers. When a high quality recom-
bined milk is desired, not only are the powder
and fat refrigerated, but gas packing of the
nonfat dry milk is practiced.

The changes that occur during the processing
and storage of butteroil for recombination pur-.
Poses may be difficult to reetify. Our use of a
molecular still to clean up deteriorated butteroil
indicates that some of the off-flavored com-
pounds in the oil have a low order of volatility
and eannot he completely distilled off directly,:
even under extreme conditions, ’

A more fruitful pathway to improved re-
combined milk may he through use of steam
deodorization of the butteroil, as described by
Patton (12) and Nelson et al. (10). However,
if this is to he pursued, a question arises as to
the ultimate advantage of recombined milk
over the improved whole milk powder that ean
he made hy foam-spray drying (4) or vacuum
belt drying (1), and packed with an efficient.
OX¥gen scavenger now available (15).
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